ABSTRACT: A simple, reproducible and efficient reversed phase high performance liquid chromatographic (RP-HPLC) method has been developed for the estimation of a recently approved anti allergic drug, amlexanox in oral paste dosage form. The separations were carried out on a Zorbax Eclipse XBD, C 18 column (150 x 4.6 mm; 5µm) at a flow rate of 1.50 ml/min. by using mobile phase comprising of mixed buffer (pH adjusted to 6.50) and methanol (50:50 v/v). The injection volume was 10 µl and the peaks were detected at 244 nm. The linear dynamic range found to be in the concentration range of 15-35 µg/ml and coefficient of correlation was found to be 0.999. The %RSD value was below 2.0 for intra-day and inter-day precision which indicated that the method was highly precise. The LOD (Limit of detection) and LOQ (Limit of quantitation) were found to be 3.8 ng/ml and 12.5 ng/ml, respectively which revealed that the method was highly sensitive. The percentage recovery of amlexanox ranged from 99.31 to 99.75%, indicating the accuracy of the method and absence of interference from the excipients present in the formulation. The proposed method was simple, fast, accurate and reproducible and hence can be applied for routine quality control operations of amlexanox in oral paste dosage form.
INTRODUCTION
Amlexanox is an antiallergic drug, clinically effective for atopic diseases, especially allergic asthma and rhinitis. Amlexanox, as a topical paste, is a well tolerated treatment of recurrent apthous ulcers. Recurrent apthous ulcer (RAU) is the most prevalent oral mucosal disease in humans, estimated to affect between 5% and 50% of the general population. 1 Chemically, amlexanox is 2-amino-7-isopropyl-5-oxo-5H- [1] benzopyrano[2, 3-b] pyridine-3-carboxylic acid. It has a molecular formula of C 16 H 14 N 2 O 4 and has a molecular weight of 298.30. Amlexanox is odorless, white to yellowish-white crystalline powder. 
Amlexanox
Amlexanox is a mucoadhesive oral paste which has been clinically proven to abort the onset, accelerate healing and resolve pain of apthous ulcers. It decreases the durath of healing and thereby decreases the pain sensation. Recent studies have also shown that the majority of ulcers can be prevented by application of the paste during the prodromal (preulcerative) phase of the disease. Recurrent Apthous Ulcers (RAU), also known as Recurrent Apthous Stomatitis (RAS), is recognized as the most common oral mucosal disease known to man and about 20-25% of the general populations suffer at least one incidence of apthous ulcers each year. Amlexanox is also being investigated for its anti-allergic and antiinflammatory properties. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] A literature survey revealed that very few analytical methods have been reported for the determination of amlexanox in oral paste preparation [16] [17] and some of those methods are laborious and not reproducible at all. So attempts have been made to develop an accurate, precise and economically viable reversed phase HPLC method for the estimation of amlexanox content in oral paste preparation.
MATERIALS AND METHODS
Chemicals and reagents. Amlexanox INN was obtained from "ACI Pharmaceuticals Ltd." Narayanganj, Bangladesh, as a gift. Analytical grade monobasic sodium phosphate dihydrate (Scharlau, Spain), 65% ethanol (Scharlau, Spain), triethylamine (Scharlau, Spain), imidazole (Merck, Germany), NaOH (Scharlau, Spain), HCl (Scharlau, Spain), HPLC grade methanol (Scharlau, Spain), and distilled water were used. The buffer was prepared by dissolving 6.5 g of monobasic sodium phosphate dihydrate in 900 ml of distilled water and subsequent addition of 1.0 ml of triethylamine and the pH was adjusted to 6.50 with 2M NaOH solution. Imidazole solution was prepared by dissolving 8.25 g of imidazole in 100 ml of distilled water and the pH was adjusted to 6.75 to 6.85 by addition of 37% hydrochloric acid. The commercially available amlexanox oral paste claimed to contain 5% w/w (50 mg of amlexanox per gram of paste) were procured from local market.
Apparatus and chromatographic condition.
The chromatographic separation was performed on a prominence Shimadzu (Japan) high performance liquid chromatographic instrument equipped with a Zorbax Eclipse XBD, C 18 column (150 x 4.6 mm; 5 µm) integrated with PDA (Photo Diode Array) detector where detection was carried out at 244 nm. The mobile phase consisting of the buffer (pH 6.50) and methanol at a ratio of 50:50 (v/v) was freshly prepared, filtered and sonicated before use and delivered at a flow rate of 1.50 ml/min. Ethanol 65% was used as diluting medium. The volume of each injection was 10 µl. The column and the HPLC system were kept in ambient temperature.
Preparation of stock solution. Stock solution of amlexanox was prepared by dissolving 50.0 mg of amlexanox in 200 ml of volumetric flask containing 10 ml of imidazole solution and the solution was sonicated for 5 minutes and made up to the mark with 65% ethanol to get a concentration of 0.25 mg/ml. Subsequent dilutions of this solution were made with 65% ethanol to get concentrations of 15-35 µg/ml. The standard solution prepared as mentioned above was injected into the loop and the chromatogram was recorded.
Treatment of sample (oral paste).
An accurately weighed portion of oral paste equivalent to 25.0 mg of amlexanox was taken into a 100 ml volumetric flask, 10 ml of imidazole solution was added to it and shaken well. Then the volume was adjusted up to the mark with 65% ethanol and sonicated for 5 minutes. It was filtered through Whatman filter paper-01. The solution thus obtained was diluted with 65% ethanol so as to obtain a concentration range of linearity as previously discussed for pure drug. Sample solution was injected under the chromatographic conditions as mentioned above and the chromatogram was recorded.
RESULTS AND DISCUSSION
All of the analytical parameters for the proposed method were determined according to the International Conference on Harmonization (ICH) guidelines.
Linearity. The linearity of the method was determined at five concentration levels from 15-35 µg/ml. The plot of peak area of each sample against respective concentration of amlexanox was found to be linear in the range of 15-35 µg/ml. Beers law was found to be obeyed over this concentration range. The regression equation was found to be Y = 52349x -61950 and the correlation coefficient (r) of the standard curve was 0.999. Precision. The precision is a measure of the ability of a method to generate reproducible results. The precision of the assay was determined by repeatability (intra-day) and intermediate precision (inter-day) and reported as %RSD. For repeatability, six determinations of 100% test concentration (25 µg/ml) were measured and the %RSD was calculated. For intermediate precision the same work was done in three consecutive days and average %RSD value was calculated. The intra-day and inter-day precision measurements showed (Table  2 .) good reproducibility with percent relative standard deviation (%RSD) values below 2%. This indicated that method was highly precise. Recovery studies (Accuracy). Recovery studies were performed to judge the accuracy of the method. The studies were carried out by adding a known quantity of pure drug to the pre-analyzed formulation and the proposed method was followed. Formulation concentration was 25 µg/ml at three levels of drug addition such as 60%, 100% and 140%. Six replicates of each concentration was measured. The percentage recovery values (Table 3) , which were near about 100%, indicated the accuracy of the method and absence of interference from the excipients present in the formulation.
Sensitivity. Limit of detection (LOD) and limit of quantitation (LOQ) were determined at signal-tonoise ratio of 3:1 and 10:1 respectively. The LOD and LOQ for amlexanox were found to be 3.8 ng/ml and 12.5 ng/ml, respectively (Table 1. ) which demonstrated that the method was highly precise. Selectivity and stability. For these studies, standard, sample and placebo preparations, all in both normal and stressed condition (at 60 °C for 24 hours) were studied. But in both normal and stressed conditions, no significant change in peak area, due to degeneration or any other way was found which revealed the stability of the analyte (amlexanox). On the other hand, in both conditions, no interference of excipients or degradation products (Figure 1 ) was found in the peak region of amlexanox, indicating the selectivity and specificity of the method. System suitability test. The system suitability tests were carried out on freshly prepared standard stock solution of amlexanox to evaluate the suitability of the system as presented in Table 4 . From the typical chromatogram of amlexanox as shown in Figure 1 , it was found that the average retention time ± standard deviation for amlexanox found to be 7.47 ± 0.035 minute for six replicate injections. The asymmetry factor was found to be 1.09, which indicated symmetric nature of the
column. The number of theoretical plates was found to be 5601, which suggested an efficient performance of the column. The absence of additional peaks in the chromatogram indicated non-interference by the common excipients used in the oral paste. To optimize the chromatographic conditions, various combination of buffer and methanol were tested and the ratio of 50:50 v/v afforded peak with good shape and resolution. Robustness. Robustness was performed by small but deliberate variation in the chromatographic conditions and was found to be unaffected by small variations like ±2% in volume of mobile phase composition, ±1% change in column temperature. It was observed that there were no marked changes in the chromatograms, which demonstrated the method was robust.
Assay of amlexanox.
The method also applied for the assay of Amlexanox in oral paste formulation (in triplicate) and the results are shown below in Table 5 . The results obtained were in good agreement with the claimed potency. 
CONCLUSION
From the above discussion it is clear that the proposed method was simple, sensitive and reliable with good precision and accuracy. Hence, this method can be used for the routine quality control operations for amlexanox in oral paste dosage form.
